yses were used to investigate the relationship between LVDD grades and MACE. Results: Postdialysis orthostatic hypotension and PS, but not CIMT, ABI, or baPWV, increased proportionally with LVDD grades. Eleven patients developed MACE, including 2 cardiovascular deaths. The Kaplan-Meier analysis showed that MACE frequently occurred in the DD grade (p = 0.002 by the log-rank test). Cox's regression analysis adjusted for potential confounders (age, sex, diabetes, systolic blood pressure, and body mass index) revealed that the DD grade was associated with MACE when the ND grade was set as a reference. Conclusions: In maintenance hemodialysis patients with normal ventricular systolic function, a classification of LVDD by the 2016 ASE/EACVI recommendations may be a useful tool for predicting cardiovascular events.
Introduction
Heart failure (HF) is a common disease in the general population [1] , more specifically in patients with chronic kidney disease and end-stage renal disease (ESRD) [2, 3] , and is also an important cause of morbidity and mortality. Diastolic HF is defined by the signs and symptoms of HF, along with left ventricular diastolic dysfunction (LVDD) and normal or mildly impaired left ventricular systolic function, called HF with a preserved ejection fraction (HFpEF). HFpEF accounts for one-third to one-half of HF cases in the general population, and its prevalence is steadily increasing [1, 4] . In addition, HFpEF is more common than HF with a reduced ejection fraction (HFrEF) [5] . Morbidity and mortality were previously reported to be higher in patients with diastolic HF than in the general population [1, 5] .
LVDD contributes to the development and progression of HFpEF [6] . LVDD and HFpEF are more prevalent than HFrEF in maintenance hemodialysis patients [7] . Previous studies identified diastolic dysfunction (DD), defined as an increased ratio of early mitral flow velocity (E) to early mitral annulus velocity (E') (E/E') and/or a high left atrium volume index, as an independent predictor of mortality in starting and chronic dialysis patients [8] [9] [10] . Therefore, echocardiography needs to be employed to confirm cardiovascular risks and guide treatments for ESRD patients on dialysis.
The 2016 American Society of Echocardiography/European Association of Cardiovascular Imaging (ASE/EACVI) recommendations have recently been published [11] . However, their usefulness has not yet been investigated in hemodialysis patients. A recent systemic meta-analysis showed that arterial stiffness and atherosclerosis are related to diastolic function [12] , and relationships with several arteriosclerotic parameters: carotid intimamedia thickness (CIMT), plaque score (PS), ankle brachial index (ABI), brachial-ankle pulse wave velocity (baPWV), and DD, have been reported in the general population [13, 14] . However, the relationships between the LVDD grades of the ASE/EACVI recommendations and arterial stiffness in hemodialysis patients currently remain unclear.
The aims of the present study were (1) to evaluate LV diastolic function and several atherosclerosis parameters and (2) to investigate the usefulness of the ASE/EACVI recommendations for examining the relationships between LV diastolic function and major cardiovascular events (MACE) in hemodialysis patients with preserved systolic function.
Materials and Methods

Study Design and Subjects
This was a prospective observational study that involved 63 patients who were undergoing maintenance dialysis for ESRD at Chiyoda Hospital, Miyazaki, Japan, and examined carotid artery ultrasonography, echocardiography, and several arteriosclerotic parameters (including ABI and baPWV) between March 2014 and September 2015. Exclusion criteria were as follows: (1) age 20 years or younger, (2) hemodialysis vintage < 3 months, (3) ejection fraction (EF) < 50%, (4) hypertension that is difficult to control, (5) congestive HF (NYHA cardiac function classification Class III or more severe), (6) atrial fibrillation, (7) severe valvular heart disease, (8) pregnant, lactating, or possibly pregnant women, (9) malignant tumors (including malignant blood tumors), severe infection, systemic blood diseases (such as myelodysplastic syndrome and hemoglobinopathy), hemolytic anemia, and hemorrhagic lesions, including gastrointestinal hemorrhage, and (10) ineligibility judged by the clinical investigator or subinvestigator.
Clinical Data Collection
All patients underwent analyses of several arteriosclerotic parameters (CIMT of the common carotid artery [CCA], PS, ABI, and baPWV). MACE during the 1-year follow-up period was obtained from medical records and was defined as cardiovascular death, sudden death, nonfatal ischemic heart disease, and hospitalization from ischemic or hemorrhagic stroke, causes related to congestive HF, or aortic aneurysm rupture. Sudden death was judged as unexpected death in the first hour following the start of symptoms or when the patient was found dead and had been seen alive 24 h earlier. Stroke was diagnosed using typical imaging and physical findings from examinations. Ischemic heart disease was diagnosed using typical electrocardiogram findings or elevations in myocardium-derived enzymes. Congestive HF was confirmed using electrocardiography, chest radiography, or echocardiography together with the symptoms of dyspnea or edema.
Pre-and postdialysis blood pressure was measured in the supine position. Blood pressure and interdialytic weight gain values were averaged from 3 consecutive HD sessions during the week of patient enrollment. Postdialysis orthostatic hypotension was defined as a reduction in systolic blood pressure of at least 20 mm Hg or diastolic blood pressure of at least 10 mm Hg within 1 min of sitting at least once a week or more. The treatment of hypotension during dialysis was defined as a reduction in or the cessation of ultrafiltration, lifting of the lower limbs, or the use of vasopressors/saline at least once a week or more.
Examination of ABI and PWV
ABI involves measurements of the ratio of blood pressure in the dorsalis pedis or posterior tibial artery to that in the brachial artery without vascular access. baPWV was measured using a volume-plethysmographic apparatus (BP-203RPE III; OMRON Colin Co., Ltd., Tokyo, Japan). Patients rested in the supine position for at least 10 min before the start of monitoring. This apparatus recorded a phonocardiogram, electrocardiogram, and volume pulse form as well as blood pressure at the left or right brachia and ankles without vascular access. baPWV was calculated in a time-phase analysis between the brachial and volume waveforms at the ankles.
Examination of Carotid Artery Ultrasonography
Carotid artery ultrasonography was performed at the time of dry weight after dialysis or on a day that patients did not undergo dialysis. CIMT of CCA and the presence of atherosclerotic plaques were measured using a 7.5-MHz linear probe as a high-resolution transducer and an Aplio XV, Aplio XG, or Xario ultrasonography system (Toshiba Medical Systems Corporation, Tokyo, Japan) using the B mode and a pulsed Doppler system by a single experienced angiologist blinded to clinical information on patients at baseline. Patients were examined in the supine position without a pillow. According to current guidelines, standardized CIMT was measured on the far wall of CCA on a 10-mm segment located 2 cm upstream of the flow divider. Three measurements were performed on the left and right CCA, and the mean values of these measurements were utilized in the analysis.
Carotid PS was calculated using a previously reported method [15] . PS was defined as the sum of the thickest CIMT in individual segments of the bilateral carotid arteries. When assessing PS, plaque length was not considered. Plaques were searched for in the near and far walls of arterial segments by transversal and longitudinal scanning. The mean values of bilateral CIMT and PS measurements were utilized in the analysis.
Echocardiography
Echocardiography was performed at the same time as carotid artery ultrasonography. Comprehensive echocardiographic measurements were performed using an ultrasound machine (Toshiba 270SSA; Toshiba Medical Systems Corporation, Tokyo, Japan) with a 3.75-MHz sector probe by a single experienced cardiologist (R.T.) blinded to clinical information on patients at baseline. All images were obtained with standard techniques using M-mode, two-dimensional, and Doppler measurements in accordance with the ASE/EACVI recommendations [11] . LV systolic function was assessed by calculating the EF using a modified Simpson's method [16] . LV systolic dysfunction was defined as EF < 50%. Pulsed Doppler echocardiography was used to evaluate transmitral LV filling velocities at the tips of the mitral valve. The peak early-diastolic flow velocity (E) and the peak late-diastolic velocity (A) shown as the E/A ratio were measured by analyzing transmitral flow. The ASE/EACVI recommendations showed the four recommended variables for identifying LVDD, and their abnormal cut-off values were annular e' velocity (septal e' < 7 cm/s or lateral e' < 10 cm/s), average E/e' ratio > 14, LA volume index > 34 mL/m 2 , and peak TR velocity > 2.8 m/s. LVDD was normal when more than half of the available variables did not meet the cut-off values for identifying abnormal function. LVDD was present when more than half of the available parameters met these cut-off values, but was indeterminate when only half met these values. Patients were graded as the DD classification in three groups (normal diastolic function [ND], indeterminate [ID] , and DD) distributed according to the algorithm for the diagnosis of LVDD in subjects with normal LVEF of the ASE/EACVI recommendations [11] .
Statistical Analysis
Descriptive analyses were calculated to describe variables such as patient characteristics in the three groups according to the grades of the DD classification. All continuous variables were presented as medians and interquartile ranges. The Kruskal-Wallis test or χ 2 test was applied for comparisons of the three groups. Crude survival in a group was assessed using a Kaplan-Meier analysis with the log-rank test. Variables that affected MACE (p < 0.2) in the univariate analysis were then included in Cox's multivariate proportional hazards models to identify the risk factors associated with MACE. Test results were presented as hazard ratios (HRs) with 95% confidence intervals (CIs), and a p value of < 0.05 was considered to be significant. Patients with ND were set as our reference category. All covariates conformed to the proportional hazards model using the Kaplan-Meier method and log-log plot. Receiver operating characteristic curves were computed, and sensitivity analysis of MACE was performed, with the ID group including in the ND (ND + ID vs. DD) or DD (ND vs. ID + DD) group. All statistical analyses were performed with SPSS Statistics 20 (IBM Corp., Armonk, NY, USA).
Ethical Considerations
This observational study was conducted in accordance with the principles contained in the Declaration of Helsinki and was approved by the Chiyoda Hospital Research Ethics Committee (No. 24-1). Data collection was performed in a manner that maintained patient anonymity.
Results
Study Participants and Baseline Characteristics
Sixty-three prevalent hemodialysis patients (median age [interquartile range], 69 [64-75] years, 31.7% female) with normal LV systolic function (EF > 50%) were enrolled (Table 1) . LV diastolic function evaluated by echocardiography at baseline was divided into three grades according to the ASE/EACVI recommendations (ND group, n = 24; ID, n = 19; DD, n = 20). The predialysis cardiothoracic ratio on chest X-ray was significantly higher in the DD group than in the other groups. Postdialysis orthostatic hypotension increased proportionally with diastolic function grades; 60.0% of the DD group had postdialysis orthostatic hypotension (Table 1) . PS increased proportionally with diastolic function grades (ND vs. ID vs. DD, 4.6 [1.6-9.6] vs. 5.6 [2.6-7.0] vs. 8.6 [4.0-10.0]), but not CIMT, ABI, or baPWV (Table 2) .
Analysis for MACE
Eleven patients developed MACE including cardiovascular death (n = 2), hospitalization for cerebral infarction (n = 2), congestive HF (n = 5), and nonfatal ischemic heart disease (n = 2). The Kaplan-Meier analysis revealed that MACE frequently occurred in the DD group (p = 0.020 by the log-rank test) (Fig. 1) . Using Cox's proportional hazards model with multicovariate adjustments, age, predialysis systolic blood pressure, previous history of cardiovascular disease, hemoglobin, serum albumin, CIMT, and PS were found to be associated with MACE (Table 3 ). Cox's regression analysis adjusted for confounders demonstrated that the Table 3) .
Effects of PS on the Relationship between LVDD and MACE
Since DD and PS were identified as risk factors for MACE, we analyzed the effects of PS on the relationship between DD and MACE. When PS was divided into two groups based on the median value, the Kaplan-Meier analysis revealed that MACE frequently occurred in the DD and high PS groups (p = 0.002 by the log-rank test). Cox's regression analysis adjusted for potential confounders demonstrated that the DD and high PS group was associated with MACE when the without DD and low PS group was set as a reference (adjusted HRs 13.69 [95% CI, 1.37-137.32]) (Table 4) .
Sensitivity Analysis
A receiver operating characteristic curve analysis was performed such that the ID group was initially analyzed as part of the ND group and then as part of the DD group for predicting MACE. The AUC of the ID and DD group for predicting MACE was 0.676 (95% CI: 0.521-0.830, p value 0.790), while that of the ID and ND group was 0.648 (95% CI: 0.459-0.836, p value 0.096).
Discussion/Conclusion
The present results showed that the prevalence of the DD grade of the new 2016 ASE/ EACVI recommendations [11] was 31.7% in hemodialysis patients. On the other hand, a recent study [17] reported that the prevalence of the DD grade was 1.4% in the general popu- lation. The prevalence of DD in dialysis patients was found to be high. Furthermore, postdialysis orthostatic hypotension at least once a week increased proportionally with diastolic function grades. Recent studies including a meta-analysis identified orthostatic hypotension as a risk factor for HF and associated mortality in a general population [18, 19] . Furthermore, in the present prospective cohort study, the DD grade and PS were associated with MACE. This relationship remained largely unchanged even after adjustments for potential confounding factors. When patients were divided into three groups using the median value of PS and the DD grade, patients in the DD and high PS group were associated with MACE when the without DD and low PS group was set as a reference. Furthermore, a sensitivity analysis was performed such that the ID group was initially analyzed as part of the ND group Values shown are hazard ratios (95% confidence interval). * p value < 0.2; ** p value < 0.05. ND, normal diastolic function; ID, indeterminate; DD, diastolic dysfunction; IDWG, interdialytic weight gain; CTR, cardiothoracic ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; OH, orthostatic hypotension; AVF, arteriovenous fistula for vascular access; CVD, cardiovascular disease; ESA, erythropoietin stimulating agents; aCa, adjusted calcium: (4 -serum albumin) + serum calcium if serum albumin < 4.0; P, phosphate; CIMT, carotid intima-media thickness; baPWV, brachial-ankle pulse wave velocity; ABI, ankle brachial index.
and then as part of the DD group for predicting MACE; however, no significant differences were observed between AUC in these groups.
In the assessment of diastolic function, several parameters and different criteria have been used for evaluations, and a relationship with patient prognosis and several parameters has been verified in a general population [20, 21] as well as in a dialysis population [8] [9] [10] . The prevalence and grades of DD have a prognostic impact [22] , with a progressively increased risk of mortality being observed with the progression of DD [20] , even in patients with a preserved LVEF [21] . In the present study, the DD classification of the four variables for identifying DD by the ASE/EACVI recommendations correlated with MACE. Avramovski et al. [23] identified PS as an independent predictor of cardiovascular mortality in hemodialysis patients. A correlation was noted between PS and LV hypertrophy in hemodialysis patients [24] . The multivariable-adjusted analysis conducted in the present study showed that PS, but not CIMT, ABI, or baPWV, increased proportionally with the LVDD grade, and high PS patients were at a higher risk of MACE. Furthermore, the LVDD grade was found to have a synergic effect with PS. PS may be more sensitive for detecting atherosclerosis than other atherosclerotic factors. All hemodialysis patients already had worse carotid arteries than the general population, and the number of subjects in the present study was small. These factors (i.e., the progression of arteriosclerosis in dialysis patients, compared with the general population, and the small sample size in the study) may have made the arteriosclerotic parameters, other than PS, statistically nonsignificant (= masked).
On the other hand, postdialysis orthostatic hypotension increased proportionally with diastolic function grades. For example, postdialysis orthostatic hypotension occurred at 60% in the DD group versus only 33.3% in the ND group, despite the absence of a significant difference in interdialytic weight gain between these two groups. Therefore, orthostatic hypotension may be associated with LV compliance and LV end-diastolic pressure at the end of hemodialysis, and then with repeated ischemic heart events and MACE.
To the best of our knowledge, this is the first prospective study on hemodialysis patients to have examined the relationship between MACE and LVDD with preserved LV systolic function by the ASE/EACVI recommendations and show a synergic effect with PS. However, the present study has some limitations. It was conducted at a single center, included a relatively small number of patients, and had a short follow-up period, suggesting a selection bias. The prognostic impact of this classification needs to be investigated further in larger studies. Furthermore, we did not evaluate the possible effects of the different medications used to treat hypertension on arterial stiffness and LVDD in the interpretation of our results. In addition, since there is currently no specific gold standard to diagnose LVDD, it was not possible to establish the diagnostic accuracy of the three different classifications in the general population [17] or hemodialysis patients in the present study. This classification may only have the ability to detect the most advanced cases [17] . Many of our hemodialysis subjects were classified as "indeterminate." Further studies are needed to clarify whether this tendency is specific to hemodialysis patients. Unfortunately, it was not possible to perform comparisons with the classification of DD by other methods in the present study.
In conclusion, patients with hemodialysis had a high incidence of LVDD with preserved LV systolic function by the 2016 ASE/EACVI recommendations and elevated atherosclerosis parameters. The LVDD classification of the ASE/EACVI recommendations was associated with increased MACE and showed a synergic effect with PS for increases in MACE. Therefore, when screening for cardiovascular disease risk factors in hemodialysis patients, particularly in those with postdialysis orthostatic hypotension, we suggest the evaluation of diastolic function by echocardiography, classifications using the ASE/EACVI recommendations, and PS measurements with carotid artery ultrasonography. Further studies on interventions for hemodialysis patients following the specification of DD and PS that will improve outcomes are needed.
